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METHOD FOR LOW TEMPERATURE FORMATION OF STABLE 
OHMIC CONTACTS TO SILICON CARBIDE 

Cross Reference to Related Applications 

This application claims the benefit of U.S. Provisional 
Application 60/201,113 filed on May 2, 2000. 

Background of the Invention 

Field of the Invention 

This invention relates to electrical contact structures 
used on semiconductors, and more particularly, an improved method 
for forming stable ohmic contacts to silicon carbide. 

Description of the Related Art 

Silicon carbide is known in the art to be an excellent 
semiconductor material for use in harsh environments, 
particularly in high temperatures. However, in order to be 
useful in such environments, the materials used for ohmic 
contacts on a silicon carbide semiconductor must also be able to 
withstand such extremes. Ohmic contacts are contacts which have 
a negligible resistance regardless of the polarity of the applied 
voltage and are used to make connections between the 
semiconductor and the other devices in an electronic system. 

Many of the traditional materials used to make ohmic 
contacts react with silicon carbide at high temperatures, causing 
compounds to form that undesirably increase electrical 
resistivity. It has been found that refractory metal silicides 
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are thermodynamically stable with silicon carbide at high 

temperatures and are thus optimum ohmic contact materials for 

silicon carbide. These refractory metal silicides are binary 

compounds which include silicon and a metal such as nickel , 

5 titanium, tungsten, cobalt, molybdenum or tantalum. As the 

ternary phase diagram of FIGURE 1 illustrates, nickel silicide 

(NiSi 2 ) is stable when in contact with silicon carbide (SiC) at 

a temperature of 900°C. Thus, the thermodynamic stability of the 

structure is evident. Similar phase diagrams, and thus similar 

10 thermodynamic stability, exist for the other refractory metal 
silicides as well. 

The process of forming metal silicide ohmic contacts 
on silicon carbide poses substantial problems. For example, U.S. 
Patent Nos . 5,442,200 and 5,980,265, both issued to Tischler, 

15 describe the formation of a metal silicide ohmic contact for 
silicon carbide. The process disclosed involves forming a 
crystalline silicon layer on the silicon carbide, providing a 
contact metal layer on the crystalline silicon layer and 
annealing the resulting article at a temperature from 900 °C to 

20 1100°C to form the metal silicide on the silicon carbide 
substrate. However, these elevated annealing temperatures may 
be detrimental to certain silicon carbide devices, particularly 
where shallow junctions exist. The elevated temperature 
annealing may also lead to chemical reactions elsewhere in the 

25 device. High temperature processes also lead to an increase in 
the interfacial traps between the oxide and the Sic in a metal- 
oxide-semiconductor (MOS) device. 
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Studies of other metal silicide contacts have been 

made, such as cobalt silicide. Once again, though, annealing at 

a high temperature (900°C) is required, producing the same 

detrimental effects as the process described above. 

5 Lower temperature processes have also been 

investigated, such as the co-sputtering of titanium silicide 

(TiSi 2 ) or tungsten silicide (WSi 2 ) on a silicon carbide 

substrate. However, precision of the correct ratio of silicon 

to the metal is difficult to obtain using this process, which may 

10 lead to an excess of either silicon or the metal. An excess of 

silicon leads to the formation of silicon precipitates, 

increasing electric resistance. An excess of metal will lead to 

a reaction with the silicon carbide substrate, again undesirably 

increasing electric resistance. In addition, sputtered tungsten 

15 silicide is amorphous and must be annealed at a temperature of 

1050 °C in order to crystallize, whereupon it may shrink about 

25%. The amorphous characteristic of the tungsten silicide is 

indicative that other metal silicides formed by sputtering may 

be amorphous as well, leading to the necessity of high 

20 temperature crystallization and resulting shrinkage. High 

temperature crystallation creates the same detriments as the high 

annealing temperatures described above. Further, if high 

temperature crystallation is not performed for an amorphous metal 

silicide, the silicide will be in a metastable state. In such 

2 5 a state, exposure to high temperatures during use may crystallize 

the silicide, causing it to shrink and separate from the silicon 

carbide substrate or crack, thus damaging or destroying the 

contact . 
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Accordingly, it is desirable to improve the method for 

forming stable ohmic contacts to silicon carbide and provide a 

method which would overcome the foregoing difficulties by 

involving lower processing temperatures. 

5 fiiiTTnn*T- v of the Invention 

According to the present invention, an improved method 
for forming ohmic contacts on a silicon carbide substrate is 
provided. A silicon layer and a metal layer are formed on the 
silicon carbide substrate and annealed to create a metal silicide 

10 layer on the substrate. The improvement includes providing 
amorphous silicon for formation of the silicide layer. 

In accordance with another aspect of the present 
invention, a method of forming ohmic contacts on a silicon 
carbide substrate is provided. The method includes the steps of 

15 providing amorphous silicon and forming an amorphous silicon 
layer on a silicon carbide substrate. A metal layer is formed 
on the amorphous silicon layer and the resulting structure is 
annealed. 

In accordance with yet another aspect of the present 
20 invention, a silicon carbide ohmic contact is provided. The 
contact includes a silicon carbide substrate and an ohmic contact 
layer proximate to the substrate. The ohmic contact layer 
includes amorphous silicon and a metal selected from the group 
consisting of nickel, titanium, tungsten, cobalt, molybdenum and 
2 5 tantalum. 
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One advantage of the present invention is the provision 

of amorphous silicon in the formation of an ohraic contact, 

thereby allowing reduced annealing temperature. 

Another advantage of the present invention is the 

5 reduction of the required annealing temperature for an ohmic 

contact, thereby reducing temperature-related defects in the 

resulting structure . 

Still other benefits and advantages of the invention 

will become apparent to those skilled in the art upon reading and 

10 understanding the following detailed description. 

Brief Description of the Drawings 

The invention may take form in certain steps or arrangements 
of steps, or in certain components or arrangements of components, 
preferred embodiments of which will be illustrated in the 
15 accompanying drawings wherein: 

FIGURE 1 is a ternary phase diagram of silicon, carbon and 
nickel at 900°C; 

FIGURE 2 is a schematic representation of one embodiment in 
accordance with the present invention; 
2 0 FIGURE 3 is a schematic representation of another embodiment 

in accordance with the present invention; 

FIGURE 4 is a photomicrograph of the microstructure of one 
embodiment in accordance with the present invention; and 

FIGURE 5 is a photograph of the microstructure of another 
25 embodiment in accordance with the present invention. 



-5- 



WO 01/84609 PCT/USO 1/40633 

Detailed Description of the Preferre d wmhodiments 

Referring now to the drawings, wherein the showings are 

for purposes of illustrating preferred embodiments of the 

invention only and not for purposes of limiting the same, FIGURE 

5 2 illustrates the formation of an ohmic contact of the present 

invention. A silicon carbide (Sic) substrate 10 may include a 

portion 12 which is doped as may be dictated by a particular 

application according to methods known in the art. The silicon 

carbide substrate 10 may be a wafer or an epilayer deposited on 

10 a suitable material, such as silicon. A layer of amorphous 

silicon 14 is applied to the silicon carbide substrate and a 

layer of metal 16 is formed on the silicon layer 14. The entire 

structure is annealed, resulting in the structure illustrated in 

FIGURE 3. 

15 Turning now to FIGURE 3, the silicon carbide substrate 

10 and any doped portion 12 are now proximate to a complete ohmic 
contact layer 18. During the annealing portion of the process, 
the metal layer 16 (referring back to FIGURE 2) diffuses into the 
silicon layer 14 (also referring back to FIGURE 2), thus creating 

20 a metallic silicide layer 18 as the ohmic contact. 

Processes of the prior art have used crystalline 
silicon for the silicon layer 14. As a result, high temperature 
annealing in the range of 900°C to 1100°C has been necessary to 
cause the metal layer 16 and the silicon layer 14 to diffuse and 

25 form the metallic silicide layer 18. Such high temperature 
annealing may be detrimental to the resulting semiconductor, 
particularly where any shallow junctions and oxide/silicon 
carbide interfaces are critical. 
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The present invention overcomes the problems of the 

prior art by providing amorphous silicon for the silicon layer 

14. Amorphous silicon reacts with some metals at lower 

temperatures than crystalline silicon. It is anticipated that 

5 a range of refractory metals may be used for the metal layer 16, 

e.g., nickel, titanium, tungsten, cobalt, molybdenum or tantalum. 

However, nickel and titanium are particularly preferred. It has 

been found that nickel will react with amorphous silicon at low 

temperatures, particularly in the range of 200°C to 360°C, to 

10 form nickel silicide (NiSi 2 ) . It has also been found that 
titanium readily reacts with amorphous silicon at low 
temperatures to form titanium silicide (TiSi 2 ) . Use of the 
amorphous silicon with a selected metal results in the formation 
of a crystalline silicide which is stable against volume changes 

15 caused by changes in temperature. As a result, high-temperature 
crystallization is not required, thus allowing a 
thermodynamically stable device requiring no detrimental high- 
temperature processing to be produced. 

The details of the present invention will be understood 

20 more clearly with the following examples. 



Example 1 

A 3C-SiC substrate was created by depositing SiC 
epilayers on silicon. A 2/m thick layer of amorphous silicon was 
deposited on top of the 3C-SiC substrate by low pressure chemical 
2 5 vapor deposition at 550 °C. A 600nm layer of nickel was sputtered 
on top of the amorphous silicon layer. The resulting structure 
was annealed at 300 °C for eighteen hours in a nitrogen 
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atmosphere. The microstructure of the resulting nickel silicide 

(NiSi 2 ) layer is shown in the photomicrograph of FIGURE 4. An 

excess of amorphous silicon is present in the embodiment shown 

in FIGURE 4, reflecting early results. The presence of NiSi 2 was 

5 confirmed by energy dispersive x-ray spectroscopy and by electron 

diffraction. The resulting NiSi 2 layer was approximately 0.25/zm 

thick, which is a suitable thickness for an ohmic contact layer 

for a silicon carbide device. 

Example 2 

An SiC substrate was created by depositing Sic 
epilayers on silicon. A lOOnm thick layer of amorphous silicon 
was deposited on top of the SiC substrate by low pressure 
chemical vapor deposition. A 33nm thick layer of nickel was 
sputtered on the amorphous silicon layer. The resulting film was 
reacted at 3 00°C for 12 hours in a nitrogen atmosphere. FIGURE 
5 is a photomicrograph of the NiSi 2 film on the Sic epilayer, 
demonstrating the capability of device metallization. 

The ohmic contact layer does not need be of specific 
thickness, but for appropriate stoichiometry (to form NiSi 2 ) , it 
20 is recommended that the amorphous silicon layer be 3.3 times the 
nickel layer thickness. 

Using a silicon carbide of a 3C-SiC epilayer deposited 
upon silicon, specific contact resistances with nickel silicide 
contacts of the present invention have been measured, yielding 
25 a resistance between 3.5 x 1CT 5 and 3.0 x 10* 3 ohm cm 2 . It is 
anticipated that SiC epilayers deposited upon other suitable 
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substrates may be used, as well as silicon carbide wafers instead 

of epilayer-type silicon carbide. In addition, silicon carbide 

wafers with appropriately doped epilayers may be employed with 

a metal silicide ohmic contact of the present invention, 

resulting in an anticipated improvement in resistance. 

Similar procedures and comparable resulting structures 
are anticipated for other refractory metals which react with 
amorphous silicon at relatively low processing temperatures. In 
order to provide an optimum dispersion of the metal in the 
amorphous silicon, excess metal may be deposited onto the 
amorphous silicon layer and the annealing step of the process 
will last until the amorphous silicon layer is completely 
consumed. The excess metal can then be etched away. 

The use of amorphous silicon and the resulting 
reduction of process temperatures from the range of 900°C- 1100°C 
to a range of 200°C-360°C is greatly beneficial to the stability 
of the silicon carbide device. Damage and detrimental effects 
often caused to the ohmic contacts by the higher process 
temperatures are avoided, creating an improved silicon carbide 
semiconductor . 

The invention has been described with reference to the 
preferred embodiments. Obviously, modifications and alterations 
will occur to others upon reading and understanding the preceding 
detailed description. It is intended that the invention be 
construed as including all such modifications and alterations 
insofar as they come within the scope of the appended claims or 
the equivalents thereof. 
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Having thus described the invention, what is claimed is: 



1. In a method for forming ohmic contacts on a silicon 
carbide substrate, wherein a silicon layer and a metal layer are 
formed on the silicon carbide substrate and annealed to create 
a metal silicide layer on the silicon carbide substrate, the 

5 improvement comprising: 

providing an amorphous silicon for formation of the silicide 

layer. 

2. The improvement according to claim 1, wherein the step 
of annealing is performed at a temperature in the range of about 
200 degrees Celsius to about 360 degrees Celsius. 

3. The improvement according to claim 2, wherein the step 
of annealing is performed at a temperature of about 300 degrees 
Celsius. 

4 . The improvement according to claim 3 , wherein the step 
of annealing is for a time from about twelve to eighteen hours. 

5. The improvement according to claim 1, further 
comprising : 

providing a metal selected from the group consisting of 
nickel, titanium, tungsten, cobalt, molybdenum and tantalum for 
formation of the metal layer. 
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6. The improvement according to claim 1, wherein the step 

of forming a silicon layer includes depositing amorphous silicon 
on the substrate by low-pressure chemical vapor deposition. 

7. The improvement according to claim 6, wherein the step 
of depositing amorphous silicon is performed at a temperature of 
about 550 degrees Celsius. 

8. The improvement according to claim 1, wherein the step 
of forming a metal layer includes sputtering the metal layer on 
top of the amorphous silicon layer. 

9. The improvement according to claim 1, wherein excess 
metal is deposited onto the amorphous silicon and the excess 
metal is etched away after annealing. 

10. A method for forming ohmic contacts on a silicon 
carbide substrate, comprising the steps of: 

providing amorphous silicon; 

forming an amorphous silicon layer on the silicon carbide 
5 substrate; 

forming a metal layer on the amorphous silicon layer; and 
annealing the resulting structure. 

11. The method for forming ohmic contacts of claim 10, 
wherein the step of annealing is performed at a temperature in 
the range of about 200 degrees Celsius to about 360 degrees 
Celsius . 
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12. The method for forming ohmic contacts of claim 11, 

wherein the step of annealing is performed at a temperature of 
about 300 degrees Celsius, 

13. The method for forming ohmic contacts of claim 12, 
wherein the step of annealing is for a time from about twelve to 
eighteen hours. 

14. The method for forming ohmic contacts of claim 10, the 
method further comprising: 

providing a metal selected from the group consisting of 
nickel, tungsten, titanium, cobalt, molybdenum and tantalum for 
the formation of the metal layer. 

15. The method for forming ohmic contacts of claim 10, 
wherein the step of forming an amorphous silicon layer includes 
depositing amorphous silicon on the substrate by low-pressure 
chemical vapor deposition. 

16. The method for forming ohmic contacts of claim 15, 
wherein the step of depositing amorphous silicon on the substrate 
is performed at a temperature of about 550 degrees Celsius. 

17. The method for forming ohmic contacts of claim 10, 
wherein the step of forming a metal layer includes sputtering the 
metal layer on top of the amorphous silicon layer. 
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18. The method for forming an ohmic contact of claim 10, 

wherein excess metal is deposited onto the amorphous silicon and 
the excess metal is etched away after annealing, 

19. A silicon carbide ohmic contact, comprising: 
a silicon carbide substrate; 

an ohmic contact layer proximate to the silicon carbide 
substrate; 

the ohmic contact layer including amorphous silicon and a 
metal selected from the group consisting of nickel, titanium, 
tungsten, cobalt, molybdenum and tantalum. 

20. The silicon carbide ohmic contact of claim 19, wherein 
the ohmic contact layer is about 0.25/um thick. 
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